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[57] ABSTRACT

A device for moving objects along a predetermined
path comprises a rotatable shaft of circular cross-section
extending along this path and a suspension arrangement
comprising at least two rolls arranged displaced from
each other in the circumferential direction of the pe-
ripheral surface of the shaft and frictionally engaging
this peripheral surface, and a frame carrying the rolls
with the axes thereof including an angle with the longi-
tudinal axis of the shaft.

1 Claim, 16 Drawing Figures
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1

DEVICE FOR MOVING OBJECTS ALONG A
. PREDETERMINED PATH

BACKGROUND OF THE INVENTION

The present invention relates to a device for trans- -

porting objects along a guide rail, constructed as a ro-
tating shaft of circular cross-section and which is in

5

frictional engagement with roll bodies arranged in such

a manner that the rotating movement of the shaft is
translated in a longitudinal movement of the roll bodies
along the shaft axis.

Such a device is already disclosed in the DT-PS No.
1,057,411. In this device turnable rings move along a
shaft and in which the angle included between a plane
of symmetry normal to the ring axis and the shaft axis
determines the relationship between the number of rev-

olutions of the shaft and the speed of movement of thek

rings along the shaft axis.

This known device is, however, only usable for rela-
tively short shafts. In addition, the rings cannot be lifted
from the shaft and special means are necessary to create
the necessary contact pressure between the roll bodies
and the shaft. Furthermore the contact pressures of the
individual rings are located in different planes so that
they produce onto the shaft often a detrimental bending
moment. This known arrangement can also only be
used for producing straight line movements.

SUMMARY OF THE INVENTIO_N

it is an object of the present invention to provide a
device for moving objects along a predetermined path
and which avoids the above-mentioned disadvantages
of such devices known in the art.

It 1s a further object of the present invention to pro-
vide a device of the afore-mentioned kind which per-
mits to transport objects over large distances along a
predetermined path, which may be a straight line or a
curved path, in which a plurality of objects may be
moved with the same, different or changeable speeds
and 1n which the connection of the objects to be trans-
ported with the driving shaft can be accompllshed by
simpie suspension.

With these and other objects in view, which will
become apparent as the description proceeds, the de-
vice according to the present invention for transporting
objects along a predetermined path mainly comprises a
guide rail extending along the aforementioned path and
being constituted by a rotatable shaft having a circular
peripheral surface and suspension means for the objects
comprising at least two rolls frictionally engaging the
peripheral surface of the shaft and arranged displaced
from each other in the circumferential direction of the
iatter, and means carrying the rolls with the axes
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thereof including an angle with the longitudinal axis of 55

the shafi.

- According to a further feature of the invention, the
rolls are distributed on the peripheral surface of the
shaft in such a manner that a sufficient frictional engage-
ment beitween the rolls and the peripheral shaft surface
1s obtaired by the weight of the aforementioned suspen-
ston means and that these suspension means, while being
stably supported on the shaft, may easily be removed
therefrom. The means carrying the rolls are preferably
in the form of a hook-shaped frame extending only
partly aboui the shaft so that the frame and the rolls
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thereon may be lifted from the shaft. In this wayit is

possible to support a long shaft intermediate the ends
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thereof by a slide bearing or by rollers arranged in such
a manner so as to engage the shaft only at such portions
thereof which are not engaged by the transporting rolls.
The shaft itself may consist of a straight one-piece, or
may be constructed of a plurality of sections, in which
successive sections include an angle with each other, or
the shaft may also be a curved shaft.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiments when read in connection with the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a cross-section through ihe shaft and sus-
pension means mounted thereon;

FIG. 2 is a view similar to FIG. 1 and showing in
addition a slide bearing for supporting the shaft;

FIG. 3 1s a view similar to FIG. 2 and showing rollers
for supporting the shaft;

FIG. 4 1s a partial side view of the device shown in
FIG. 1 and showing the mounting of one of the rolls in
the means for carrying the same;

FI1G. 5 1s a view similar to FIG. 1 and showing in
addition adjustable stop means provided on the carrying
frame; . |

FIG. 6 1s a top view schematically illustrating a shaft
composed of a plurality of shaft sections;

FI1G. 7 illustrates a top view of a curved shaft;

FIG. 8 i1s a view similar to FIG. 3 and showing in
addition means for rotating the shaft about its axis;

FIG. 9 1s a side view of the device shown in FIG. 8,
in which for simplification reason the suspension means
with the rolls thereon as well as the roller support for
the shaft are omitted;

FIGS. 10-14 schematically illustrate the use of the
device for folding and unfolding curtains mn various
positions and arrangements;

FIG. 13 1s a partially sectioned front view of a differ-
ent embodiment which is provided with three rolis; and

FIG. 16 is a cross-section taken along the line XVI-
—XV1 of FIG. 15; in FIGS. 15§ and 16 the rolls, for
simplification reason, are not shown in turned position.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

Referring now to the drawing and more specifically
to FIG. 1 of the same, it will be seen that the device
according to the present invention for transporting
objects along a predetermined path, may include a shaft
1 rotatable about its axis in the one or in the opposite
direction and having a cylindrical peripheral surface.
Suspension means, in form of a substantially hook-
shaped frame 4, partially surround the shaft 1. A pair of
rolls 2 and 3 are turnably mounted by the frame 4, dis-
placed in circumferential direction of the peripheral
surface of the shaft through an angle a. The axes of the
rolls 2 and 3 are inclined through an acute angle 8, as
more clearly shown in FIG. 4, with respect to the shaft
axis. The rolls 2 and 3 frictionally engage the peripheral
surface of the shaft 1 substantially at points located
above a horizontal plane P;, passing through the shaft
axis, and equally spaced from a vertical plane Pj, in-
cluding the axis of the shaft 1. The lower end portion of
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the frame is in form of a hook 4', which is also located
in the afore-mentioned vertical plane P>. This will as-

sure that the frame 4, the rolls 2 and 3 mounted thereon,

as well as a load 7 carried by the hook 4 are stably
supported on the peripheral surface of the shaft 1. De-
pending on the magnitude of the angle a a greater or
smaller clamping action of the rolls 2 and 3 will be

produced, and, correspondingly, the frictional moment

which will be transmitted from the rotating shaft onto
the rolls 2 and 3 will be changed. If only two rolls are

provided on the frame the angle a should be smaller

than 180°, By constructing the frame 4 in the manner as
shown in FIG. 1, the frame with the rolls thereon may
not only be easily lifted from the shaft 1, but the latter
may also be properly supported between its ends and at
portions thereof below the plane P, which is especially
important if shafts of considerable lengths are used.

FIG. 2 shows an arrangement in which the shaft 1 is
supported by a cup-shaped slide bearing 8, which sup-
ports the shaft 1 beneath the plane Py, that is at portions
of the peripheral surface of the shaft which are not
engaged by the rolls 2 and 3. The bearing 8, in turn, is
supported by an arm 8', one end of which is fixed to a
stationary support. |

FIG. 3 illustrates another support arrangement for
the shaft 1, which includes a pair of rolls 9 symmetri-
cally arranged with respect to the vertical plane P; and
below the horizontal plane P;. The rolls 9 have axes

parallel to the shaft axis and are rotatably supported on

a frame 9’, one end of which is fixed to a stationary
support. A plurality of supports as shown in FIGS. 2

and 3 may be arranged spaced from each other along
the longitudinal extension of the shaft. Such supports
may for instance be provided at distances of 0.8 to 1.2
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meters from each other and in this case the diameter of 35

the shaft may be held to only 12 milhimeters.

The rotating shaft 1 moves the frame 4, together with
an object suspended thereon, with a speed which de-
pends, on the one hand, on the speed of rotation of the

shaft 1 and, on the other hand, on the angle 8 included 40

between the shaft axis and the axes of the rollers 2 and
3. This relationship may now be explained on hand of
FIG. 4. As shown in FIG. 4 each of the rolls 2 and 3, as
illustrated for the roll 3 in FIG. 4, is mounted in a bush-
ing 10, arranged in a corresponding opening of the
frame 4, for turning about its axis, which includes with
the axis of the shaft 1 an angle 8. Assuming the shaft is
rotated in a direction as indicated by the arrow A, the
magnitude and direction of movement of the frame 4 in
the direction of the shaft axis can be determined by the
resultant 1 of the two components m and n respectively
indicating the magnitude and direction of rotation of the
shaft and the roller 3. It will be obvious that if the angle
B is increased, the speed of movement of the frame in
the longitudinal direction of the shaft will likewise be
increased, and it will be also obvious that if the direction
of rotation of the shaft 1is reversed, or if the shaft of the
roller 3 is turned through an angle of 90°, the direction
of movement of the frame 4 along the shaft 1 will also
be reversed. The bushing 10 may be press fitted into a
corresponding opening of the frame 4, so that the angle
3 may not be changed, or the bushing 10 may be turn-
ably arranged in the opening of the frame 4, so as to
change the angle 8 and the bushing may then be held in
any adjusted position by a set screw or the like, not
shown in the drawing.

It is therefore possible, if a plurality of suspension
means are mounted on the shaft, in which the axes of the
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rolls on the plurality of frames include the same or
different angles with the shaft axis, to move the plural-
ity of frames with the same or different speeds along the
shaft and in the same or in opposite direction. It is also
possible, by changing the direction of rotation of the
shaft, to reverse the direction of movement of the
frames. If the number of revolutions of the shaft and/or
the mentioned angle 8 are made adjustable, then the -
course of the movement of the frames may be varied to
a considerable extent. For instance the speed of move-
ments of the frames may be made dependent on the
length of the path they have respectively to be moved,
or the speed of movement of the frames in opposite
direction along the shaft may be chosen differently. It is
also possible to provide on each bushing 10 (FIG. 4) a
laterally projecting arm cooperating with a stationary
stop to turn upon engagement of arm and stop the re-
spective bushing 10 about its axis in such a manner that
the angle 8 becomes zero and movement of the frame 4
is stopped. In such an arrangement it is evidently neces-
sary that the bushing 10 and the opening in which the
bushing is turnably mounted are provided with appro-
priate shoulders or stops preventing turning of the bush-
ing beyond a position in which the angle 3 is reduced to
Zero.

It is also possible to stop the frames 4 at selected
points along the shaft 1 by providing on each frame stop
means in form of a lateral projecting pin 11 cooperating
with a stationary stop 12, as shown in FIG. §. By mak-

ing the stop 11 on the frame movable to a plurality of
positions, as indicated in dotted lines in FIG. 5, the stops

11 on successive frames may be brought to different
positions, each cooperating with a stationary stop 12
also arranged at a different elevation, so that a plurality
of frames 4 may be stopped at different stations along
the shaft 1. The stops 11 may also be constructed, in a
manner known in the art and not forming part of the
present invention, in such a manner that, upon engage-
ment with the stationary stop, any load supported on
the end portion of the frame is discharged therefrom.
A further advantage of the device according to the -
present invention is that in order to produce the neces-
sary frictional engagement between the rolls 2 and 3 and
the peripheral surface of the shaft 1 no additional elastic
forces, for instance spring forces, are necessary. The
shaft 1 may be formed from steel, other metals, or plas-
tic material, whereby the shafts may be solid or in tubu-
lar form and be produced with large tolerances. The -
surface quality of the shaft is not of great importance,
the surface may be smooth or rough. Essential is only
that the friction coefficient between shaft and rolls 1s
greater than 0.1. Since the rolls have a certain width,
they can, during rolling on the peripheral surface of the
shaft, also cross without any difficulties grooves, holes,
etc. provided in the peripheral shaft surface. This per-
mits to construct the shaft from a plurality of shaft
sections 1’, 1”7, 1’ and so on, which may include obtuse
angles with each other, as illustrated in FIG. 6. The
individual shaft sections may be connected to each
other by universal joints 14, interengaging driver pins,
wire spirals, or the like for simultaneous rotation about
their axes. Essential in such a construction is only that
the connections between successive shaft sections are
dimensioned in such a manner that they do not essen-
tially protrude beyond the diameters of the shaft sec-

. tions and that they do not form between adjacent ends

of this shaft section empty spaces which are greater
than the width of the rolls 2 and 3. The individual shaft
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sections may be supported by. support means such as
illustrated in FIGS. 2 and 3. If the various frames, not
shown in FIG. 6, should be movable from a center of

- the shaft composed of the plurality of shaft sections to

opposite ends of the shaft, as indicated by the arrows
shown in FIG. 6, and again to the center by reversing
the direction of rotation of the shaft, then the central
shaft section, shown in FIG. 1 as the section 1', may

also be supported by a standard bearing 15 surrounding
the shaft.

Instead of a rigid shaft or a shaft composed of a plu-
rality of rigid shaft sections, it is also possible to use a
shaft 1a which is curved along an arc, as illustrated in
FIG. 7. The shaft 1a has to be constructed, in the man-
ner well known in the art, to be also turnable about its
axis in its curved condition and for this purpose elastic
shafts, tubular shafts from plastic material or other
bendable shafts may be used, which are supported at
opposite ends by standard bearing 16 and in the center
thereof also preferably by a standard bearing 15, which
may be a sleeve bearing or roller bearing encompassing
the peripheral surface of the shaft. Intermediate the
bearings 16 and 15 the shaft may be supported at a
lower portion thereof in the manner as illustrated in
FIGS. 2 and 3. 1t is also possible to bend the shaft 1a in
such a manner that the opposite shaft ends are arranged
closely to each other, in fact it is possible to construct a
shaft composed of a plurality of shaft sections, as shown
in FIG. 6, in such a manner that the shaft sections form
a closed polygon.

The rotation of any of the shaft constructions shown
may be carried out by a drive arrangement as illustrated
in FIGS. 8 and 9. Such a drive arrangement may be
provided at one end of the respective shaft, or along a
plurality of portions along the shaft axis. For this pur-
pose the shaft 1, or a shaft section as shown in FIG. 6,
or a curved shaft as shown in FIG. 7, may be provided
with one or a plurality of gear portions 17, machined
into the shaft so that the teeth do not project beyond the
peripheral surface thereof and the teeth of the gear
portion 17 are engaged by the teeth of a pinion 18,
having a shaft 19 turnably mounted in bearings 20, as
shown in FIGS. 8 and 9. An end portion 19’ of the shaft

10

6

Another way of opening or closing the curtain 13 is
illustrated in FIGS. 12 and 13. In this arrangement the
axes of the rolls 2 and 3 on successive frames 4 do not
include with the longitudinal axis of the shaft 1 the same
angle B, but the roll axes on successive frames 4 are
adjusted in such a manner that the angle 8 may be
driven in the one or the other direction by hand or by
reversible motor in a manner well known in the art.

If a plurality of frames 4 which have to be moved.
simultaneously are mounted on the shaft 1, as is for

- instance necessary with curtains which have to be sus-
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19 projects beyond the corresponding bearing 20 and

may be coupled to a pre-reversible and speed adjustable
electromotor, not shown in the drawing. On the other
hand, a chain gear may also be keyed to the projecting
shaft portion 19, which may be driven by a chain en-
gaging the chain gear and the chain support, whereas
the various frames 4 move with the same speed toward
the left, as viewed in FIG. 10, while transversing differ-
ent distances, until the curtain 13 is completely opened.
The curtain portion between the fixed right end thereof
and the frame 4 closely adjacent thereto is thus first
unfolded, whereafter this frame is now held stationarily,
while the rolls thereon slide on the shaft and while the
following curtain portions open one after another in the
same manner, as shown in FIG. 10.

When the various frames are thus arrested one afier
the other, the rolls carried thereby slide on the periph-
eral surface of the shaft 1, that is they do not roll on the
peripheral surface. This will increase the necessary
moment for turning the shaft 1 about its axis, which,
however, may be acceptable in most of the cases. If the
curtain 13 has again to be folded, the direction of rota-
tion of the shaft has to be reversed, as indicated in FIG.

11, and the above-described operation proceeds in the
reverse sequence.
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pended, then there are different possibilities for moving
the frames. These various possibilities are schematically
illustrated in FIGS. 10-14. As shown in these Figures
the curtain 13 is suspended at portions thereof spaced in
the extended position of the curtain 10-15 centimeters
from each other by frames 4 as described above,
whereby for simplification reason the rollers 2 and 3 are
not indicated on the schematically illustrated frames 4
hung on the shaft 1, which may be supported at oppo-
site ends by conventional bearings and be rotated about
its axis in the manner as described above. If the rolls 2
and 3 are mounted on their respective frames in such a
manner that the axes of the rolls on all frames include
with the longitudinal axis of the shaft 1 the same angle
B, then all of the frames move, during rotation of the
shaft 1 in the direction as indicated in FIG. 10, with the °
same speed in the direction of the arrow Z, until the
curtain 13 is completely unfolded. One end of the cur-
tain 13, shown in FIG. 10 at the right end, is fixedly =
attached in any known manner to a stationary on suc-
cessive frames 4 increases from the frame 4 adjacent to
the right, fixed end of the curtain 13 toward the other
end thereof. This will assure that during rotation of the
shaft 1 in the direction as indicated in FIG. 12, all of the
frames 4 start their movement at the same time, but
successive frames move with increasing speeds, which
is preferably obtained by adjusting the angle 8 in the
successive frames 14 in such a manner that all of the
frames 14 reach their end position simultaneously. If the
direction of the shaft 1 is now reversed, as indicated in
FIG. 13, the procedure as described in connection with
FIG. 12 occurs in reverse sequence.

The necessary drive energy for turning the shaft 1 is
smaller with the arrangement shown in FIGS. 12 and 13
than with the arrangement shown in FIGS. 10 and 11,
since during the movement thereof the rolls 2 and 3 on
the various frames 4 roll on the peripheral surface of the
shaft 1 and do not slide on the same.

FIG. 14 shows an arrangement in which two curtains
13 may be moved towards each other during rotation of
the shaft 1 in the direction as indicated in this Figure. It
1s to be understood that in this arrangement the axes of
the rolls on the frames 4 on the right curtain 13 respec-
tively include with the shaft axis angles which are
turned through 90° with respect to the included angle
between the roll axes and the shaft axis on the left cur-
tain. Thereby the rolls on successive frames 4 are pref-
erably arranged in the manner as described in connec-
tion with FIGS. 12 and 13.

An advantage of the arrangement shown in FIGS.
10-14 is that the various frames may be attached to
successive portions of the curtain 13 and subsequentaly
thereto the frames may be suspended on the shaft 1 or
easily removed therefrom, whereby neither the shaft 1
has to be removed from its bearings or the drive means
for the shaft to be disconnected therefrom. A further
advantage 1s that the curtains do not necessarily be
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moved by rotation of the shaft 1, but they may also be
opened or closed by hand in a usual manner.
As already mentioned above, it is not necessary to
rotate the shaft by a motor, but the shaft may also be
rotated by hand, for instance by a crank, with or with-

out transmission between the crank and the shaft. Dif-
ferent hand operated drive means, well known in the

art, may also be used for rotating the shaft.
If it is necessary to provide a relatively large pushing
force on the suspension means according to the present

invention, or when gravity cannot be used to provide-

the necessary frictional engagement between the pe-
ripheral surfaces of shaft and rolls, as is for instance the
case when the shafts are vertically arranged, then it is
possible to increase the frictional engagement by elastic
forces. This can be obtained if three or more rolls are

uniformly distributed about the peripheral surface of

the shaft. Arrangement of three or more rolls in one
plane are known in the art. However, these known
arrangements may be used only in connection with
relative short shafts which are turnably supported only
at opposite ends thereof. With long shafts which must
also be supported between the opposite ends thereof, in
the manner as for instance illustrated in ¥IGS. 6 and 7,
closed frames for supporting three or more rolls are not
usable. However, a construction in which each of the
suspension means includes three rolls, as shown in
FIGS. 15 and 16, may also be used in connection with
long shafts which are supported intermediate the ends
thereof. The arrangement as illustrated in FIGS. 15 and
16 includes a frame or block 22, partially encompassing
the circumference of the shaft 1 and provided at the
lower ends thereof with slots in which the rolls 2 and 3
are turnably mounted. As clearly shown in FIG. 18, the
two rolls 2 and 3 are located in this arrangement below
a horizontal plane passing through the axis of the shaft
1. The upper portion of the block 22 is provided with a
vertically extending cutout in which a cup-shaped
member 23 is movable in vertical direction and in which
the third roller 21 is turnably mounted. The member 23
projects with a part-spherical portion beyond the upper
surface of the block 22 and this spherical portion is
engaged by a leaf spring 24, held in tensoined condition
by a pair of screws 25 threaded in corresponding open-
ings of the block 22. In this way the peripheral surfaces
of the rolls 2, 3 and 21 are resiliently pressed by the leaf
spring 24 against the peripheral surface of the shaft 1, to
thereby increase the frictional engagement between
these surfaces. It is to be understood, that also 1n this
construction the axes of the three rolls have to include,
as described above, an angle 8 with the shaft axis, but
for simplification reasons the turned position of the
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roller axes with respect to the shaft axis is not shown in
FIGS. 15 and 16. As also clearly shown in FIG. 15 the
shaft may be supported intermediate its ends and be-
tween the rolls 2 and 3 by support means 8, which may

be constructed for instance similar to the construction
as shown in FIG. 2.

It will be understood that each of the elements de-
scribed above, or two or mcre together, may also find a
useful application in other iypes of devices for moving
objects along a predetermined path differing from the
types described above.

While the invention has been illustrated and de-
scribed as embodied in a device for moving objects
along a predetermined path defined by a rotatable shaft,
it is not intended to be limited to the details shown, since
various modifications and structural changes may be
made without departing in any way from the spirit of
the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects of
this invention.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims.

1. A device for moving a curtain between an open
and a closed position comprising an elongated rotatable
shaft having a circular peripheral surface; means for
rotating the shaft in one and in an opposite direction;
and a plurality of suspension means arranged spaced
from each other along and suspended on said shaft and
each comprising at least two rolls frictionally engaging
said peripheral surface and arranged displaced from
each other in the circumferential direction of said pe-
ripheral surface and a hook-shaped frame extending
only partly about said shaft and carrying said rolls with
the axes thereof including fixed angles with the longitu-
dinal axis of said shaft, said frame having a lower end
portion below and vertically aligned with the shaft axis
and ending in a hook so that successive portions of a
curtain may be connected to the hooks of successive
suspension means and the curtain be moved between an
open and a closed position during rotation of said shaft
in the one and the opposite direction, the axes of the
rolls on successive suspension means including with the
shaft axis an angle which increases from one to the next
suspension means so that successive suspension means
move during rotation of said shaft with increasing

speeds.
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